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Studies on the risk management of











 Aquaculture production has seen rapid expansion in the past decade all over the world. Farmed fish would 
become an important protein source among foods than they are today. Enhancing productivity of aquaculture often is 
accompanied by use of chemical compounds. Chemicals exposed to fish may leave the residues in the carcass. Safety 
of the products from aquaculture for human consumption is of public health concerns. In recent years, the presence 
of chemical residues in farmed fish has become an intense issue worldwide. The incidence of violation against the 
Food Sanitation Law is still occurred, not withstanding regulations against the violation have been strengthened. The 
recent violation case was resulting of residue of leucomalachite green (metabolite form of malachite green) in 
aquaculture product. The appropriate risk management of malachite green residues including its metabolite in farmed 
fish is urgent task required for fish farmers. However, the use of malachite green has been banned in most countries 
recently because of its potential carcinogenicity and mutagenicity. Despite, malachite green was prohibited to use for 
food producing animals including aquatic animal; malachite green residue is still detectable by means of metabolite 
form as leucomalachite green (LMG). At present, little information is available on pharmacological data of the 
metabolites (LMG). Therefore, the present research were studies on the risk management of leucomalachite green in 
Nile tilapia Oreochromis niloticus focus on 1) Get knowledge on toxicity of LMG separately. 2) Study accumulation 
of LMG derived from fish feed. 3) Establish more easy and simple monitoring method of feed and environment. 4) 
Establish countermeasures for reducing residue risk. In order to provide the information on the proper management 
of LMG residue in farmed fish, experiments were conducted as follows; 
 Chapter 2, the measurement of LMG by HPLC or LC/MS-MS has some problems and a little information of 
ELISA technique was available. In addition, the residues of LMG in food may not be caused only by drug usage for 
chemotherapy directly. Sources of residues of banned substances could be cross contamination from fish feed. On 
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this study described the validity of ELISA kit to detect LMG in Nile tilapia muscle, tilapia liver tissues and fish feed 
samples. This ELISA is capable of detecting LMG at lower than MRLP (2 ppb) with good accuracy and precision. 
These results show that the ELISA method is suitable for regulatory purposes and for studying the fate of LMG 
residues in and be accepted to use ELISA method by modified protocol for LMG detection on Nile tilapia tissues and 
feed sample.  
 Chapter 3, farmed fish are exposed to risks from feed-borne chemical contamination, such as leucomalachite 
green (LMG) in fish meal and fish feed. Consequently, the use of malachite green is prohibited in aquacultural 
practice. An improved understanding of the toxicity of dietary LMG provided to farmed fish is needed in order to 
manage risk. O. niloticus specimens were fed experimental diets containing 0, 100, 500, and 2500 μg/kg LMG for 28 
days. On sampling days 7, 14, and 28, fish in the exposed groups had detectable levels of LMG. Accumulation levels 
were approximately 12.2 % (in the liver) and 6.2 % (in the muscle) of the LMG concentration in the feed (104, 510, 
and 2200 μg/kg). Hematocrit and mean corpuscular hemoglobin concentrations in the 500 and 2500 μg/kg groups 
were significantly elevated at 7 and 14 days. Hemoglobin in the group that received the highest dose was 
significantly higher than that in the control group. Significant increases in the activities of alanine aminotransferase 
and alkaline phosphatase were also detected in the group receiving the highest dose. Total cholesterol concentrations 
in all of the exposed groups were significantly higher than those in the control group. These observations of toxicity 
were dose dependent. Histological changes in gills and livers were observed in LMG-exposed fish. We provided 
LMG in the diet, but some part of the LMG diffused into the rearing water from the feed and from fish feces ; 
however, the proportion of LMG in the liver that was derive d from this secondary waterborne source was low. 
 Chapter 4, a better understanding of the xenobiotic metabolizing enzymes (XMEs) and 
detoxification-related genes is necessary to improve the knowledge on mechanisms involved in toxicity of LMG. 
The main objective of this work was evaluate the quantification of mRNA expression of PhaseI (CYP1A, CYP1B), 
PhaseII (GSTα) and PhaseIII (ABCB1) genes in liver, gill and proximal intestine of Nile tilapia exposed with LMG 
by dietary exposure. In order to ensure the concentration of LMG in the liver ELISA was detected. The LMG 
concentration in liver of fish in duration of exposure was observed a trend of LMG to being increased over the 
sampling period at day 1, 3, 5 and 7. During 7 days of dietary exposures to LMG 100 µg/kg feed, gene expression 
levels of CYP1A, CYP1B, GSTα and ABCB1 to compare with control (0 µg/kg feed). The time course of changes 
on genes expression following dietary exposure to leucomalachite green in fish liver shown the expression of 
CYP1B was highly increased by concentration of LMG in liver. The expression of CYP1A and CYP1B were slowly 
increased and reaches maximum expression at day 7 by significant differences higher than control in fish gill, the 
expression of GSTα of exposed fish showed the significant differences higher than control at day 1, day 3 and day 5 
and stable at all feeding period. On proximal intestine of fish the expression of the expression of CYP1A was 
increased about 15 fold at 1 day and stable at all feeding period the expression of GSTα showed significant 
differences higher than control at day 1, day 3 and day 5 slightly increased by accumulation of leucomalachite green 
but decreased at day 7. The results of this study demonstrate that PhaseI enzyme activity the fish do express 
toxicologically in accumulation of LMG. 
 In conclusion, all data obtained from this research would help to manage drug residues (leucomalachite 
green; LMG) even when they are parent chemicals (malachite green; MG) prohibited for use in aquaculture to 
establish appropriate risk management. My research would be supported from result as knowledge to further 
research and help fish farmers to promote safe aquatic animal production. A proper risk management program for 
preventing the occurrence of LMG residues in aquatic animal products will be established based on data which 
generated from this research.    
 
